OBJECTIVES: Sternal wound complications following median sternotomy remain a challenge in cardiac surgery. Changes in both patient profile and type of operations have been observed in recent years. Therefore, we analysed current wound healing complications after median sternotomy at our centre.
A change in the spectrum of cardiac surgery has been observed in recent years. Patients are older, suffer more frequently from diabetes mellitus and have a higher average body mass index (BMI). There is a decreasing number of surgical bypass grafts [6, 7] accompanied by a trend towards more valve operations and complex procedures. In addition, the frequency of emergency procedures is rising [1] . Although the observations are of regional origin, these can be extrapolated with sufficient reliability to other developed countries and reflect our impression. Therefore, we wanted to assess the actual superficial and deep wound healing complications after median sternotomy at our centre. Outcome, prognostic factors, and microbiological results of standardized wound swabs were analysed retrospectively.
METHODS
All adult patients undergoing a median sternotomy between January 2009 and April 2011 were included in this retrospective analysis, with the omission of transplants and assist devices implantations.
We aimed to answer the following questions:
(i) What were the clinical characteristics of the study population? (ii) What were the incidences of sternal wound complications and in-hospital mortality? (iii) Which pre-and perioperative risk factors were predictive of sternal wound complications? (iv) What microbial pathogens could be identified?
Data were retrieved from the database of the microbiological laboratory and electronic records of the patients. The diagnosis of deep or superficial wound complication was made according to the Guideline for Prevention of Surgical Site Infection [8] . Superficial wound complications refer to the definition of Superficial Incisional Surgical Site Infection (SSI). Deep infections comprise the definitions Deep Incisional SSI and Organ/Space SSI. In addition, a deep dehiscence was diagnosed if the sternum was unstable, but swabs were negative and there were no clinical signs of an infection.
Emergency was defined as an operation performed before the next working day.
The software SPSS 19.0 was used for statistical analysis. Mortality was compared by the χ 2 test. For risk factor analysis, two subsets were analysed, which included patient-dependent preoperative and intraoperative parameters, respectively. Univariate analyses of the effect of suspected variables were performed first. Factors with a P-value of ≤0.05 were then included in a multivariate logistic regression analysis. Binary logistic regression analysis was done using the Wald forward method.
Obesity was used as a categorical variable with the categories BMI of <30 kg/m 2 (reference), ≥30-<40 kg/m 2 , ≥40 kg/m 2 .
RESULTS

Patients
In total, 1297 patients were included. Of these 903 were males (69.6%) and 394 females (30.4%). 
Complications and mortality
Seventy-six of the 1297 patients developed sternal wound complications: superficial healing disorders were observed in 3.3% of patients (n = 43). Six additional patients had positive superficial swabs with skin colonizers, but no signs of wound healing problems were observed. They were excluded from risk factor analysis.
Deep complications occurred in 2.5% of patients (n = 33). In 7 patients (21 or 0.05% of all patients) of this group, the wound appeared uninfected and was considered a deep dehiscence.
Antibiotic treatment was given according to the standard operating protocol. Vacuum-assisted closure (VAC) therapy was applied to 28% (n = 12) and 58% (n = 19) of patients with superficial and deep wound problems, respectively. Sternal revision was required in 45% of patients with deep infections (n = 15 of 24) and 44% with deep dehiscence (n = 4 of 9).
7.9% of the patients with sternal wound complications died in-hospital (n = 6/76). These were 4.6% of patients (n = 2) with superficial and 12.1% of patients with deep complications (n = 4). In comparison, 5.0% patients without healing disorders died (n = 61/1221). Mortality was not increased in the groups with sternal complications (P = 0.19 between superficial, deep and no complication; P = 0.068 deep vs superficial or no complication). However, patients with wound healing disorders stayed longer in-hospital (P < 0.001).
Risk factors
Patients with a BMI of >40 kg/m 2 or who underwent reoperation were prone to superficial complications (Table 2) . Predetermined risk factors for deep sternal wound complications were insulin-dependent diabetes mellitus, chronic obstructive pulmonary disease (COPD) and reoperation ( Table 3 ). The same risk factors were found when only deep infections, but not sterile deshiscences, were considered (Table 4 ). In addition, multivariate analysis revealed emergency as an independent prognostic factor for all sternal wound complications (Table 5) .
Prognostic effects of the preoperative patient-dependent factors age, gender, non-insulin-dependent diabetes mellitus, BMI of 30-40 kg/m 2 , shock, previous myocardial infarction, peripheral artery disease (PAD) and any renal insufficiency were not significant in the univariate analysis. Further, the intraoperative variables duration of operation, cardiopulmonary bypass, and aortic clamping, use of bilateral internal mammary artery (BIMA), lowest intraoperative temperature <35.3°C, implantation of an intra-aortic balloon pump, and repeated sternotomy for revision did not independently increase the risk of either superficial or deep sternal wound complications.
Probable clinical causes for non-infectious deep dehiscences were COPD, substernal seroma or haematoma in 2 patients each and postoperative delirium in 1.
Microbial results
Microbial swabs of the sternal wound were taken in 82 of the 1297 patients (6.6%). The majority of pathogens found in both deep and superficial sternal wound complications belonged to the normal skin flora. However, a number of more aggressive agents was also identified (Table 6) .
Infections with more than one type of pathogen were found in 8 patients with deep, but only in 2 patients with superficial, complications. Coagulase-negative Staphylococci were involved in all deep, but not in both superficial polymicrobial infections.
No pathogen was found in only 3 of the 43 patients with superficial complications (7.0%).
Another 6 patients had positive swabs with skin colonizers, but no signs at all of wound healing problems.
Further, no pathogen was identified in 9 patients with deep wound healing problems. Two of them presented clinical signs of infection. Seven patients suffered from a deep dehiscence.
DISCUSSION
We analysed sternal wound complications in 1297 consecutive patients who underwent a median sternotomy for cardiac surgery. Superficial wound problems occurred in 3.5% of all patients, 2.5% suffered deep complications and a non-infectious deep healing disorder was observed in 0.05%. Approximately 8% of all patients with sternal wound complications died in-hospital. Emergency was identified as an independent risk factor for both complication types. The most frequent pathogens were colonizers of skin folds. 
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Superficial and deep sternal wound complications were classified according to the Guideline for Prevention of Surgical Site Infection [8] . In general, the reliability of microbial swabs, especially of superficial ones, is subject to discussion in many cases and it seems impossible to differentiate between the actual infectious agent and contamination. However, this distinction may be considered irrelevant, since wound complications are caused by skin colonizers in the majority of patients [9] . Wound infections and non-infected dehiscences are almost never discriminated in superficial complications, and therefore we also refrained from this distinction. In contrast, swabs taken from the depth of the wound during an operation can be assumed to reflect the true situation. Microbial pathogens can escape detection due to previous antibiotic therapy, effective immunological elimination, low number of pathogens and preanalytic errors. However, in cases of a sterile aspect of the wound, e.g. occurrence of a seroma, and lacking the detection of pathogens, the diagnosis of a non-infectious wound dehiscence can be made. The incidence is reported to range from 0.4 to 3.7% [4, 10] . In our data set, the mortality in patients with sternal wound complications was not increased. However, this could be a statistical effect, since we observed a tendency to higher mortality in patients with deep healing disorders. Of note, no patient with a non-infectious deep complication died.
It is probable that not only the risk profile of patients, but also the capabilities of cardiac intensive care have increased in the last few years. In addition, the determined use of VAC could have contributed to our positive results. This procedure has gained wide acceptance in the last few years and has shown superior results in comparison with conventional therapy [11] [12] [13] .
Risk factors
The analysis of risk factors corresponds by and large with previous studies. These analyses were single or multicentre studies that comprised 815 [4] , approx. 3000 [3] and approx. 23 500 patients [5] , respectively or referred to a national database and included over 330 000 patients [14] . Insulin-dependent diabetes mellitus was the most serious predisposing factor for deep infections with an odds ratio (OR) of 15.7 in our study. In contrast, it had no independent influence on superficial complications. This indicates that severe immunological impairment could play an important role in the development of deep sternal wound infections. In addition, mechanical strain on the sternum due to COPD seems to be a frequent reason for sternal instability but not for superficial complications in our study. Preoperative New York Heart Association class IV status was identified as another risk factor for non-infectious deep complication in a study by Olbrecht et al. [10] on 12 380 patients of whom 0.4% experienced a noninfectious deep healing disorder. In contrast, Schimmer et al. [4] analysed 815 patients with sterile dehiscences in 3.2% of them and found impaired renal function, PAD and immunosuppression (4.5% of patients) to be predictive, but not COPD or BMI of >30. We found no increased risk associated with renal insufficiency or PAD. New York Heart Association status and immunosuppression were not included in our analysis. Very high BMI and resternotomy of the healed bone increased the risk of superficial problems.
Use of BIMA was not a risk factor for deep sternal wound complications in our population in contrast to previously published data [3] [4] [5] . Our result is, however, in accordance with a recent publication that found the use of BIMA to be as safe as that of unilateral IMA even in diabetic patients [15] . In addition, age did not increase risk, unlike in observations from studies on procedures done in the late 1990s and early 2000s, either for superficial [3] or for deep wound healing complications [5, 14] . Interestingly, a surveillance of 23 500 patients by Baillot et al. [5] identified age as a risk factor during the time period from 1992-2001, but this was no longer the case between 2002 and 2007. Of note, emergency was a significant independent risk factor for all types of complications with an OR of 3.1-8.0. High urgent surgery implies conditions that cannot be altered: there is not enough time for several recommended procedures [8, 16] , such as optimizing blood glucose levels, implementing antiseptic measures, screening for methicillin-resistant Staphylococcus aureus (MRSA) or the timely application of prophylactic antibiotics. Patients are likely to be in poor general condition and immunologically compromised. For the surgeon, emergency cases present an important stressor [17] . Interestingly, techniques that have been implemented in highly complex businesses like aviation, e.g. crew resource management programmes, can help to improve performance in surgical environments [18] . The WHO Surgical Safety Checklist, which is also applicable to emergency situations, was introduced in 2008. A multinational study on 1750 patients who underwent urgent operations demonstrated a dramatic decrease in the number of surgical site infections from 11.2 to 6.6%. The authors discussed that apart from adherence to the checklist, this effect was likely due to several additional organizational factors in their setting. However, they assume that use of this instrument had an improving effect on team communication, which is of special importance in emergency situations and could hereby help to reduce complication rates [19] . A specific guideline for cardiac surgery has been published recently [20] . Its effectiveness in reducing mortality and complication rates including wound healing complications after median sternotomy will be subject to future analysis.
Microbial pathogens
Elements of the normal skin flora, specifically, coagulasenegative Staphylococci were identified most often in our population. Together with a spectrum of other pathogens, this is in accordance with previous studies [5, 21] . Infections with MRSA have decreased in recent years due to massive efforts for screening, decolonization and antibiotic prophylaxis [21, 22] .
Limitations of the study
We present a retrospective study. Classification of complications was made according to the patients' charts. We also omitted some risk factors that were not recorded in a standardized fashion. The analysis of diabetes mellitus as a risk factor would have been even more reliable with the use of HbA 1 C instead of the ICD10 diagnosis only.
Conclusion
Wound complications following median sternotomy are still a challenge to cardiac surgery. Redo and emergency surgery were identified as the most important risk factors in this contemporary series. Increased efforts are necessary to reduce the incidence of this morbidity and avoid expensive treatment.
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